INTRODUCTION {#sec1-1}
============

Regenerative medicine is a major part of the rapidly emerging biomedical research over the last decade which mainly involves the development of new therapeutic strategies resulting in greater advancement in the field. These recent biomedical approaches have provided the tenacity for medical community to look for alternatives to conventional therapies. Among the several therapeutic strategies available, the use of platelet-rich plasma (PRP) and stem cell (SC) represents the mainstream technologies to repair and rejuvenate the damaged tissue caused due to injury or chronic diseases.\[[@ref1]\] PRP is the component of the blood (plasma) which contains five times higher concentrations of platelets above the normal values, i.e., PRP is the volume of autologous plasma that has the platelet concentration above the baseline.\[[@ref2]\] Platelets are the tiny components of blood that are rich in growth factors and play a crucial role by forming blood clots during injury. It is a well-known fact that wound healing of damaged tissues depends on the platelet concentrations. PRP acts by nurturing those cells that can heal on their own or can augment the healing process by the resolution of damaged tissues. One of the widely used applications of PRP is in the regeneration and reconstruction of skeletal and connective tissues in the periodontal and maxillofacial diseases and in sports-related injuries.\[[@ref3][@ref4]\] Unlike PRP, SCs are the primitive cells that are obtained either from embryos or from the adult tissues. SC has the capacity of self-renewal and can differentiate into as many as 200 different cell types of the adult body.\[[@ref5]\] Besides these properties, SC also produces certain growth factors and cytokines that accelerate the healing process at the site of tissue damage. Therapeutic applications of SC include treating many degenerative and inflammatory conditions by replacing the damaged cells in virtually any tissue or organ, where PRP applications serve no benefit.

Although both PRP- and SC-based therapies are destined to perform similar functions in restoring the damaged tissue to function normally, there exists a vast difference in their preparation procedures and their functionality \[[Table 1](#T1){ref-type="table"}\]. SC is isolated from the adult tissues and cultured in sophisticated settings and requires several weeks to grow before they could be used for therapeutics. Contrary to SC, preparation of PRP is simple and involves rapid separation from blood and does not contain SCs for therapeutics *per se*. Furthermore, compared to SC-based therapies, the curative potential of PRP is considerably lower and regenerative potential is limited to the cells present in such tissues. Due to the similarity in function and the rapid preparations of PRP, several clinicians persuade patients to prefer PRP-based approaches citing that it is similar to SC-based therapies. Considering the existence of such a paradigm between the use of PRP- and SC-based technologies, future research should focus on understanding and clearly defining the molecular mechanism in tissue regeneration. In addition, efficacy and the perseverance of preparative methods, consensus in the preparation methods among different research groups for clinical applications and the significance of such technologies as a substitute for conventional therapies should be delineated and appropriately implemented.\[[@ref4]\]

###### 

The differences between platelet-rich plasma and stem-cell therapy
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PLATELET-RICH PLASMA {#sec1-2}
====================

The term PRP was introduced in the 1970s to describe the autologous preparations and enrichment of platelets from plasma concentrate.\[[@ref6]\] Platelets also known as thrombocytes are produced from megakaryocytes in mammalian bone marrow.\[[@ref7]\] They form a first line of cellular defense response following damage to vascular and tissue integrity and play a crucial role in homeostasis, innate immunity, angiogenesis and wound healing.\[[@ref8][@ref9][@ref10]\] Under normal conditions, the typical blood samples contain approximately 94% of red blood cells (RBCs), 6% of platelets and 1% of white blood cells. The whole purpose of enriching for PRP is to reverse the RBC-to-platelet ratio to achieve 95% platelets and 5% of RBCs.\[[@ref11]\] Enriched fraction of PRP is known to contain high level of growth factors and cytokines that promote tissue regeneration and healing and also reported to be effective in tissue reparative efficacy.\[[@ref12]\]

The primary roles of platelets are to form aggregated and also contribute to homeostasis through adhesion, activation and aggregation. Previously, platelets were thought to have only hemostatic activity. However, recent advancement has provided a new perspective on platelet function in regulating inflammation, angiogenesis, SC migration and cell proliferation.\[[@ref6]\] Although many studies have supported the beneficial effects of using PRP, the Food and Drug Administration approval for injections of PRP is still under consideration. The only adverse reaction reported is transient pain and localized swelling after injections, but the overall adverse reactions being very low. Further studies are required to assess the efficacy of use of PRP for therapy and its possible long-term adverse reactions.

Major factors in platelet-rich plasma {#sec2-1}
-------------------------------------

Platelets play an important role in healing at the site of injury. The increased number of platelets results in increased number of secreted growth factors, thereby increasing the healing process. This phenomenon is attributed as it promotes mitogenesis of healing capable cells and angiogenesis in the tissues. Along with the presence of growth factors, they also contain adhesion molecules that include fibrin, fibronectin and vitronectin which help promote bone formation.\[[@ref13][@ref14]\] PRP preparations also play a role in revascularization of damaged tissue by promoting cell migration, proliferation, differentiation and stabilization of endothelial cells in new blood vessels. PRP also restores damaged connective tissue by promoting the migration, proliferation and activation of fibroblasts.\[[@ref15][@ref16]\] Platelets also host a vast reservoir of over 800 proteins which when secreted act upon SCs, fibroblasts, osteoblasts and endothelial and epithelial cells.\[[@ref12]\] The main purpose of using PRP for therapeutics originated from the idea to deliver the growth factors, cytokines and α-granules to the site of injury, which acts as cell cycle regulators, and promote healing process across variety of tissues.\[[@ref8]\]

The PRP preparations are known to contain many growth factors, chemokines and cytokines \[[Figure 1](#F1){ref-type="fig"}\] which induce the downstream signaling pathways that ultimately lead to synthesis of proteins necessary for collagen, osteoid and extracellular matrix formation.\[[@ref17]\] PRP also has numerous cell adhesion molecules including fibrin, fibronectin, vitronectin and thrombospondin that trigger the assimilation of osteoblasts, fibroblasts and epithelial cells. Apart from its role in structural and functional healing, PRP preparations are also been implicated in the reduced use of narcotics, improved sleep and reduction in pain perception.\[[@ref6][@ref18][@ref19]\]

![The components of platelet-rich plasma and their functions](JOMFP-22-367-g002){#F1}

PREPARATION OF PLATELET-RICH PLASMA {#sec1-3}
===================================

Preparation of PRP for regeneration of tissues includes three sequential steps -- blood collection, PRP separation and PRP activation. Briefly, blood is collected using the anticoagulant agent preferably using acid citrate dextrose. The blood is then centrifugation using highly variable protocols with varying time (4--20 min), velocities (100--3000 ×*g*), temperature (12°C--26°C) and cycles of centrifugation (1 or 2 cycles). Due to these variable protocols, the platelet concentrations are enriched anywhere between 5 and 9 times. After centrifugation, the blood is separated into three layers -- the bottom layer (RBCs), middle layer (platelets and white blood cells) and top layer (plasma with gradient of platelet concentrations) \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref11][@ref15]\]

![The procedure of separation of platelet-rich plasma from the venous blood](JOMFP-22-367-g003){#F2}

Considering different parameters and clinical applications, PRP is further classified base on four categories: activated, nonactivated, leukocyte rich and leukocyte poor. Activated PRP is prepared with calcium chloride with or without thrombin, which leads to release of cytokines from the granules in platelets. Nonactivated PRP preparations include platelet contact with intrinsic collagen and thromboplastin, which activate the platelets within connective tissue. In addition, the presence of leukocytes plays a role in inhibiting bacterial growth by improving soft-tissue healing, which would have been hindered by infection.\[[@ref13]\] Magalon in 2016 proposed a DEAP classification which is based on dose, efficiency, purity and activation of platelets.\[[@ref6]\] Further studies have been carried out to characterize and classify PRP based on preparation (centrifugation and use of anticoagulant), content (platelets, leukocytes and growth factors) and clinical applications. Studies by Dohan Ehrenfest *et al*. have proposed PRP classifications based on the presence and absence of leukocytes and fibrin architecture.\[[@ref20]\]

Pure PRP: Preparations show low-density fibrin network after activationLeukocyte- and PRP: Preparations contain leukocytes and exhibit low-density fibrin network after activationPure platelet-rich fibrin: Preparations lack leukocytes and have high-density fibrin network and exist in activated gel formLeukocyte- and platelet-rich fibrin: Preparations have leukocytes with high-density fibrin network.

Clinical applications of platelet-rich plasma {#sec2-2}
---------------------------------------------

Over the last few years, the use of PRP as a therapeutic tool has made a significant advancement in the field of regenerative medicine particularly in the field of wound healing and skin regeneration, dentistry, cosmetic and plastic surgery, fat grafting, bone regeneration, tendinopathies, ophthalmology, hepatocyte recovery, esthetic surgery, orthopedics, soft-tissue ulcers and skeletal muscle injury and others.\[[@ref8]\]

As PRP contains high concentrations of growth factors, it is widely used for hair regrowth. These growth factors promote hair regrowth by binding to their respective receptors expressed by SCs of the hair follicle bulge region and associated tissues.\[[@ref12]\]

The application of PRP in dermatology has increased in tissue regeneration, wound healing, scar revision and skin rejuvenating effects. PRP has rich source of growth factors that promote mitogenic, angiogenic and chemotactic properties; it has been used for the treatment of recalcitrant wounds. In cosmetic dermatology, PRP is known to stimulate human dermal fibroblast proliferation and increase type I collagen synthesis. In addition, injections of PRP into deep dermal layers have induced soft-tissue augmentation, activation of fibroblasts, new collagen deposition, new blood vessels and adipose tissue formation. Studies have also shown that PRP along with other techniques has improved the quality of the skin and leads to an increase in collagen and elastic fibers.\[[@ref6]\]

PRP has also been used predominantly for musculoskeletal regeneration caused during sports injury. Acute hamstring for injuries accounts for approximately 29% of all sports-related injuries where PRP-based treatments have shown beneficial effects. Patellar tendinopathy also known as jumper\'s knee is the most common cause of anterior knee pain among athletes. Application of PRP is known to promote repair and reduce inflammation.\[[@ref6]\] Achilles tendinopathy is another sports injury associated with severe pain and swelling at the tendinous insertion site. The rupture might get worse without proper treatment. Currently, muscle-strengthening exercise and anti-inflammatory medications are the only treatment options. The use of PRP was proposed as a treatment option.\[[@ref13]\]

Osteoarthritis is one of the most common knee disorders which are commonly seen in elderly people due to cartilage damage and inflammatory changes. Several meta-analysis conducted on the these patients using both leukocyte-rich and leukocyte-poor PRP has displayed the benefits in favor of using PRP for osteoarthritis. PRP is known to stimulate chondrocytes and synoviocytes to produce cartilage matrix. In rotator cuff tear, which is the most common cause of shoulder disability, the inclusion of PRP-based therapy has beneficial effects for tendinous injuries. However, further clinical trials and metadata analysis are required for the clinical use of PRP as effective treatment technologies.\[[@ref13]\] Apart from these diseases, PRP has also known to suppress the growth of particular species of bacteria such as *Staphylococcus aureus*.\[[@ref21]\] It is also shown to improve endometrial thickness in patients undergoing *in vitro* fertilization treatment.\[[@ref22]\]

In conclusion, there is an increase in the evidence that shows the beneficial use of platelet-based applications in tissue regeneration. However, there is considerable debate on the effectiveness of platelet-based applications, especially between human- and animal-based studies which could be due to the methodological differences among different research groups. There is a tremendous possibility for exploration in regenerative medicine which could use PRP for potential therapeutic applications.

Merits of platelet-rich plasma/advantages of platelet-rich plasma {#sec2-3}
-----------------------------------------------------------------

The major advantage of the use of PRP for therapeutic applications is the immediate preparation of PRP, which does not require any preservative facilities. PRP is considered safe and natural as the preparation involves using own cells without any further modifications. This also ensures that the preparations do not elicit immune response. Since the preparations are from the same person, the chances of getting the bloodborne contaminations are minimized. As a large number of populations succumb to musculoskeletal injuries or disorders, application of PRP-based therapies has shown promising results.\[[@ref11][@ref23]\]

Demerits of platelet-rich plasma/disadvantages of platelet-rich plasma {#sec2-4}
----------------------------------------------------------------------

The use of PRP as such does not have major demerits. However, under certain circumstances, PRP applications can result in injection-site morbidity, infection or injury to nerves or blood vessels. Scar tissue formation and calcification at the injection site have also been reported. Some patients have also experienced acute ache or soreness at the site of injection and also in the muscle or deeper areas such as the bone. Patients with compromised immune system or with predisposed diseases are more susceptible to infection at the injured area. Studies have reported allergic reactions among few individuals who have taken PRP-enriched fractions. Since PRP is given intravenously, the chances of damaging the artery or veins which could result in blood clot exist. Studies have also advised against using PRP-based therapies among individuals with a history of heavy smoking and drug and alcohol use and patients diagnosed with platelet dysfunction syndromes, thrombocytopenia, hyperfibrinogenemia, hemodynamic instability, sepsis, acute and chronic infections, chronic liver disease, anticoagulation therapy, chronic skin diseases or cancer and metabolic and systemic disorders due to the complications associated with the PRP-based treatment.\[[@ref11]\]

STEM-CELL THERAPY {#sec1-4}
=================

Recent advancement in the SC research has emphasized on the use of adult SC (ASC)-based therapies, which were not cured by conventional medicines. Tissue-resident adult progenitor SCs have clinical importance due to their potential cell sources for transplantation in regenerative medicine and cancer therapies. The ability for indefinite self-renewal and multilineage differentiation into other types of cells represents SCs, which offers great promise in replacing the nonfunctional or lost cells to regenerate damaged or diseased tissues.\[[@ref24]\] The use of small subpopulation of adult stem or progenitor cells from tissues or organs from the same individual provides the possibility of stimulating those *in vivo* differentiation or cell replacement and gene therapies with multiple applications in humans without the risk of graft rejection. Research on tissue-resident SCs has explored the clinical interest in cell replacement-based therapies in regenerative medicine and cancer therapies.\[[@ref25]\]

Type and source of stem cells {#sec2-5}
-----------------------------

Based on their origin, SCs are divided into two types -- embryonic SCs (ESCs) and ASCs. ESCs are derived from epiblast of the blastocyst from which many tissues of embryo arise, whereas ASCs are localized in adult organs \[[Table 2](#T2){ref-type="table"}\] where these cells function to replace damaged cells during tissue regeneration.\[[@ref26][@ref27]\] SCs are further classified into four types based on their transdifferentiation potential which include -- totipotent, pluripotent, multipotent and unipotent SC.\[[@ref24]\] ESCs are known to have totipotent and pluripotent in nature and have the ability to differentiate into cells of three germ layers -- endoderm, mesoderm and ectoderm.\[[@ref28]\] ASC is multipotent and can give rise to differentiated cells of anyone germ layer.\[[@ref29]\] Unipotent SCs arise from multipotent cells and are dedicated to differentiate into specific type of tissue, for example, precursors for cardiomyocytes present in human heart or satellite cells characteristic for skeletal muscles are dedicated to differentiate into specific tissue.\[[@ref30]\]

###### 

Source and Type of cells produced from a normal adult stem cells
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Isolation and culture of stem cell {#sec2-6}
----------------------------------

The use of SCs for therapeutic purposes was proposed as early in the 1960s because of their inherent ability to differentiate into multiple cell lines.\[[@ref17]\] This requires careful isolation and culturing which has to be done in aseptic condition. SCs are extracted either from bone marrow or fat tissue and are sometimes used in conjunction with platelets. Once isolated, SCs can retain their ability to transform into a variety of cell types. So far, there is no standardized procedure to isolate and to characterize SCs; however, specific markers are available to identify them.\[[@ref31]\] Mesenchymal SCs (MSCs) are extensively studied cell types in regenerative medicine due to their immunomodulatory properties.\[[@ref32]\] Studies have shown that MSC has the capacity to differentiate into osteocytes, adipocytes, myocytes and cells of chondrogenic lineage.\[[@ref17]\] MSCs express markers that include CD73, CD90 and CD105 (endoglin) but not CD11b, CD14, CD19, CD34, CD45, CD79a and human leukocyte antigen Class II.\[[@ref33]\] Hematopoietic SCs express two important hematopoietic markers, i.e., CD45 and CD34.\[[@ref34]\] Certain markers have been used as pluripotent markers such as OCT4, NANOG and SOX2. OCT4 is a transcriptional factor involved in early embryogenesis and very much essential for maintenance of pluripotency of SCs.\[[@ref35]\] NANOG is a transcription factor and is involved in self-renewal capacity of undifferentiated SCs and has the ability to form any cell type of three germ layers of human body.\[[@ref36][@ref37]\] The third pluripotency gene is sex-determining region *SOX2* which is also a transcription factor and maintains self-renew capacity of undifferentiated SCs.\[[@ref38]\]

Clinical applications of stem cell {#sec2-7}
----------------------------------

Although the use of SC has immense medical benefits, their applications in many diseases are still in the research and clinical trial phase and further studies are required for its long-term use in clinical settings. SCs have much more potent regulatory role in immune system. Compared to PRP-based approach, SC therapy can be very promising in treatment of many degenerative diseases where PRP is not suitable. SCs are also been used to treat many dental-related disorders such as regeneration and reconstruction of dental and oromaxillofacial tissues.\[[@ref39][@ref40]\] MSCs have shown to support blood and lymphangiogenesis and also shown to act as precursors of endothelial cells and pericytes and promote angiogenesis.\[[@ref41]\] MSCs are known to orchestrate wound repair by cellular differentiation, immune modulation and production of growth factors that drive neovascularization and re-epithelialization \[[Figure 3](#F3){ref-type="fig"}\].

![The promise of stem-cell therapy in regenerative medicine](JOMFP-22-367-g005){#F3}

Advantages of stem cell/merits of stem cell {#sec2-8}
-------------------------------------------

SC-based therapies are emerging as a powerful tool for treating many degenerative and inflammatory diseases. Apart from differentiating into new tissue that is lost, they also coordinate in repair response. SC can be isolated from patients and can be amenable to autologous transplantation. Treatment with single isolation can provide lifetime repository of cells for the patients. Furthermore, SC can be genetically modified to overexpress crucial genes that can augment wound healing and decrease the formation of scars.\[[@ref42]\]

Demerits of stem cell/disadvantages of stem cell {#sec2-9}
------------------------------------------------

Although SC has added advantage over PRP-based approach in regenerating the damaged tissue, there are certain concerns in using SC for therapies. SC propensity toward self-renewal and differentiation is highly influenced by their local environment making it difficult to interpret how a population of culture expands MSC may behave *in vivo*. Isolation and characterization of SC are crucial and even the isolated SC may have low survival rates. Culturing of SC without contamination requires highly experienced personnel and sophisticated laboratory settings. The chances of microbial contamination of SC might result in complications, especially in those patients whose immune system is compromised. Careful monitoring and observation of this cell-based therapy are of paramount importance, since evidence has shown that adipose-derived MSCs have lost genetic stability over time and were prone to tumor formation.\[[@ref43]\] Based on the specific application, SC should be differentiated into appropriate cell types before they can be clinically used, failure of which may have deleterious effects. Furthermore, SC-based therapies require regular follow-up to monitor regenerated tissue over a period of complete recovery of a patient. *In vivo* niches, SCs are present under hypoxic conditions and change in oxygen levels can induce oxidative stress, which can influence SC phenotype, proliferation, fate, pluripotency, etc., Therefore, *in vitro* culture conditions used to study MSCs should be maintained similar to their *in vivo* niches.\[[@ref44]\]

Combinational therapy using both platelet-rich plasma injections and stem-cell therapy {#sec2-10}
--------------------------------------------------------------------------------------

PRP and SC therapy is continuously studied for their regenerative benefit in wound healing, sports medicine and chronic pain treatment. Although their preparation, mechanism and action and efficacy have been shown to be different, studies have shown that both PRP and SC can complement each other and might have an added advantage when used in combination. For example, PRP offers a suitable microenvironment for MSCs to promote proliferation and differentiation and accelerates wound healing capabilities. Conversely, PRP can be a powerful tool to attract cell populations, such as MSCs, a combination of which provides a promising approach for the treatment.\[[@ref45]\] Some of the common injuries that are treated using combinational therapy include -- tendonitis, rotator cuff tears, osteoarthritis, spine conditions, arthritic joints, overuse injuries, inflammation from herniated disc and others.\[[@ref46][@ref47]\]

CONCLUSION {#sec1-5}
==========

Despite many beneficial effects of PRP in treating clinical conditions and with minimal side effects, the use of PRP as a regenerative medicine is still in its infancy. The major constraint is the limited availability of adequate controlled clinical trials and lack of consensus related to PRP preparation techniques. Nevertheless, the use of PRP-based preparations has shown promising results in some clinical settings, especially in the field of dermatology, dentistry, ophthalmology, orthopedics and others. Future research has to be focused on understanding the molecular mechanisms involved in the PRP-based therapies in tissue regeneration and long-term side effects associated with the use of PRP. Optimum concentration required to attain maximum tissue regeneration response without eliciting the immune response has to be determined. Investigating these key questions would increase the use of PRP-based regenerative medicines in treating acute and chronic ailments rather than using conventional therapies which would include surgeries followed by prolonged supportive therapies.

Although PRP and SC represent a promising treatment for many diseases, large-scale clinical trials using both *in vitro* and *in vivo* studies are required to establish the true effectiveness of the treatments. SC-based therapies have shown promising results in clinical settings, and further work should be carried out to optimize the transplantation procedures that ensure functional integration, proliferation, differentiation and migration of transplanted tissue-specific ASCs to repair and replace the damaged tissue and their long-term survival in the tissue niche.

In conclusion, PRP-based therapeutic option could be used as an alternative form of therapy alone or in combination with other conventional treatments. In this regard, it is important to understand the formulations and specific enrichment fractions that could be suitable for particular treatment. Furthermore, research has to focus on standardizing the PRP formulations and have a consensus data from the clinical trials from different research groups for better prognosis and to use as an alternative to conventional therapies.
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